We show that in any finite field Fq a primitive root can be found in time O(q' '+' ) Let Fq denote a finite field of q elements. An element 0 E IFq is called a primitive root if it generates the multiplicative group F;,". We show that a combination of known results on distribution primitive roots and the factorization algorithm of [6] leads to a deterministic algorithm to find a primitive root of Fq in time 0(q'i4+").
Proof. See [6] . Cl
Theorem. There is a deterministic algorithm to find a primitive root of Eq in time O(q ). 1/&E
Proof. First of all we note that in time O(q 1/4+c) one can construct a set !BI E F4 with /!lJI/ = 0(q1i4) containing a primitive element of Eq.
Indeed, let q = p', where p is a prime number. For r = 1 and r 2 4 our claim follows directly from Lemmas 1 and 3, respectively, (because pro(') <q1i4(log q)'(l) = 0(q1i4+') for r 24). We note that using a more complicated version of the Sieve method (from [2] , say) one can get an algorithm with slightly better running time q'i4(log q)'(l).
Let us also mention that the present construction has three quite different bottle-necks with the same complexity 0(q'/4+E):
(1) factorization of q -1 using [6] , (2) finding a set containing a primitive root in case q = p using [l], (3) finding a set containing a primitive root in case q = p* using [5] .
So it is very unlikely that it can be improved at the present time.
On the other hand, it should be mentioned that for many applications we do not actually need a primitive root. It is quite enough just to find a small set !IJI containing a primitive root and then use all its elements one by one (or even in parallel). In this case we get a better algorithm O(q1i6+' ), at least under the Extended Riemann Hypothesis (as the cases q = p and q = p* can be drastically improved, see [8] ).
Open Question 1. Find and algorithm to construct in polynomial time (logq)'(') a set '%I of polynomial cardinality I!IJIj = (logq)'(') containing a primitive root of Eq for any q (under the the Extended Riemann Hypothesis).
Open Question 2. Combining approaches of [5] and [8, 9] obtain an analog of
Lemma 3 with p1j2+' instead of p'+& (or maybe even with p114+' provided an appropriate generalization of [l] on non prime jinite fields is found).
Also, our algorithm gives the solution of the exact problem for Fq, q = pr, when p and I' are given. On the other hand, for many applications it would be enough to solve an approximate problem when the characteristic p and some integer R are given and we have to find a primitive root in some field IF+ 
